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white  adipocytes  (2),  recently  found  to 
colocalize with lipid droplets and regulate 
fat storage (3–5).









of  these  structures  in  brown  and white 
























































































Perilipin and FSP27 in control  
of lipolysis and fat storage
Another  important distinction between 





































(1). Taken  together,  these  findings  sup-
port the idea that different mechanisms of 
Figure 1
FSP27 is required for the unilocular structure of lipid droplets in white adipocytes. According to 
this model, the biogenesis of small lipid droplets in the endoplasmic reticulum is followed by their 
subsequent fusion in the cytoplasm of white adipocytes. Proteins thought to be involved in cell 
membrane fusion processes (e.g., N-ethylmaleimide–sensitive factor [NSF], soluble NSF attach-
ment protein [α-SNAP], and SNAP receptors [SNAREs]) might activate these fusion processes. 
Lipid droplet proteins (dark blue) such as perilipin, tail-interacting protein of 47 kDa, S3-12, adi-
pose differentiation–related protein, and others may be involved in packaging the lipids in mul-
tilocular lipid droplets in adipocytes. According to Nishino et al. (1), in their current study in this 
issue of the JCI, FSP27 plays a key role in the formation of unilocular lipid droplets in adipocytes 
of WAT, since lipid droplets are shown to be multilocular in FSP27-KO mice.
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FFA–induced gene expression and oxidative metabolism in FSP27-KO mice. The lipid droplet 
proteins FSP27, Cidea, and perilipin are regulated by PPARγ and play a role in lipid droplet 
biogenesis and dynamics. These lipid droplet proteins inhibit lipolysis (red inhibitory symbol). 
Thus, depletion of these lipid droplet proteins enhances adipocyte lipolysis, releasing glycerol 
and FFAs. According to this model, FFAs released during lipolysis induced by depletion of 
FSP27, Cidea, or perilipin may act as ligands for PPARs that further regulate the transcrip-
tional coactivator PGC-1α as well as genes that encode proteins that promote mitochondrial 
biogenesis and fatty acid oxidation. Similarly, FFAs released during lipolysis have been shown 
to activate AMPK, which functions to stimulate fatty acid oxidation, by increasing fatty acid 
transport into mitochondria and perhaps by regulating the transcription of genes that encode 
proteins that promote fatty acid oxidation. Thus, the increased mitochondrial oxidation of fatty 
acids in white adipocytes of FSP27-KO mice may result in part from activation of AMPK. In 
addition, fragmentation of lipid droplets in FSP27-KO mice may enhance access of mitochon-
dria to the resulting increased surface area of lipid droplets, further augmenting fatty acid 
oxidation (data not shown, see text for details). COXI, subunit I of cytochrome c oxidase; 
CPT-1, carnitine palmitoyltransferase-1; LCAD, long-chain acyl–coenzyme A dehydrogenase; 
MCAD, medium-chain acyl–coenzyme A dehydrogenase; PGC-1α, PPARγ-coactivator 1α; 
TG, triglyceride; VLCAD, very LCAD.
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oxidation observed in these tissues in the 











































also  present  in  human  adipose  tissues, 
and its expression inversely correlates with 






jects with  similar BMI  values  exhibited 
levels of perilipin, FSP27, and CIDEA mRNA 
that also inversely correlate with the extent 
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